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© Resin having high refractive Index, process for producing said resin and optical 

@ A process for producing a resin ahving a high refractive 
index which comprises radically polymerizing a material 
monomer, characterized In that said material monomer com- 
prises [f] at least one polymerizable monomer selected from the 
group consisting of a polyfunctlonal thloacrylate and a 
polyrunctlonaJ thiomethacrytate (as an indispensable compo- 
nent), and optionally [11] at least one other polymerizable 
monomer which Is radically polymerizable with said polymeriz- 
able monomer [I], a resin having a high refractive Index 
produced by said process and optical materials, especially 
lenses end disk substrates prepared from said resin. 



!s composed of said resin. 
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Description 

RESIN HAVING HIGH REFRACTIVE INDEX, PROCESS FOR PRODUCING SAID RESIN AND OPTICAL 
MATERIALS COMPOSED OF SAID RESIN 

This Invention relates to a novel resin excellent In colorless transparency and having a high refractive index, 
5 a process for producing said resin and optical materials prepared from said resin. 

Optical members such as lenses, prisms, optical waveguides, etc. are known in the field of the art. Materials 
used for producing such optical members are required to be colorless and transparent. Further, it is desirable 
that these materials have high refractive indices. 
In the field of a lens, by using a material having a high refractive index, it becomes possible to enable a thin 
10 lens prepared from such material to have the same focal distance as that of a thick lens prepared from a 
material having a low refractive Index When a thin lens is used, It is possible to decrease the volume of a space 
occupied by a lens in optical assemblies. Thus, it brings about a merit of decreasing the weight and size of an 
optical apparatus In which a lens is used. 
Above all, in the field of lenses for spectacles, since a resin having a high refractive index composed of a 
15 transparent synthetic resin as a material for a lens is lightweight and good in impact resistance, moldability. 
processabtlity and dyeability, its applicable scope is expanding as a material for a plastic lens to take the place 
of an Inorganic glass lens. 

Heretofore, as resins used as materials for plastic lenses, diethyiene glycol bisallyl carbonate resin, 
polymethyl methacryiate and polycarbonate have been generally used. However, since diethyiene glycol 
20 bisallyl carbonate resin and polymethyl methacryiate have low refractive indices of 1.49 to 1.50, when these 
resins are molded into plastic lenses, the center thickness, edge thickness and curvatures of these lenses 
become large as compared with those of an inorganic glass lens. On the other hand, it is true that 
polycarbonate has a higher refractive Index of 1.58 to 1.59, however, birefringence is liable to occur upon 
molding, and It Is defective in optical homogeneity. 
25 Further, vinyl naphthalene and vinyl carbazole give resins having high refractive indices, however, since the 
obtained resins have drawbacks such as being large in dispersion and remarkable in coloring, they have not 
been satisfactory as materials for optical plastic lenses. 

Furthermore, resins prepared from polymethyl methacryiate. vinyl naphthalene and vinyl carbazole are of the 
non-crosslinked structures and insufficient in heat resistance, therefore, these resins fuse when they are 
30 processed like cutting or spherical grinding. So they have not been sufficient as materials In the field in which 
such processings are required, for example, as materials for lenses for precision optical machinery or optical 
elements or plastic lenses for spectacles. 

Accordingly, an object of the present Invention is to provide a process for producing a resin having a high 
refractive index which is colorless and transparent and excellent in heat resistance and low in dispersibility. 
35 The present Inventors repeated strenuous studies, finding as a result that a resin obtained by polymerizing a 
sulfur-containing polymerizable monomer of a specified structure in the presence of a radical polymerization 
initiator has a high refractive index, being colorless and transparent and excellent In heat resistance, thereby 
achieving the aforesaid object of the present invention. 
Thus, according to the present invention, there is provided a process for producing a resin having a high 
40 refractive index, characterized by radically polymerizing material monomer or monomers comprising [I] at least 
one polymerizable monomer selected from the group consisting of a polyfunctional thloacryiate and a 
polyfunctional thiomethacrylate, and optionally [II] another polymerizable monomer which is radically 
polymerizable with said polymerizable monomer [I]. 
A polymerizable monomer [I] used in the present invention is obtained by (meth)acryllc acid esterification of 
45 thiol by a usually adopted method. For example, there may be illustrated a method of obtaining said 
polymerizable monomer [1] by removing hydrogen halide from thiol and a (meth)acryiic acid halide. 

A polymerizable monomer [I) of the following general formulae (1), (2) and (3) which may be used in the 
present invention has at least one thioester group and at least two polymerizable unsaturated groups In the 
molecule. 
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CH 2 =C-€-?i-t CP .7 >~ CF -Oft^H 2 ^H-b j— l ^=CH 2 ( 1) 



wherein Ri and R 2 represent H or CH3, R3 and R4 independently represents H. CH 3 or OH, k and m 
independently represent an integer of 1 to 5, and £ and n Independently represent 0 or an Integer of 1 to 4, 
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?1 *2 
CH 2 =C-C--S-CH 2 CHj-fX-CH2^XK:H 2 CH 2 S-C-C=CH 2 (2) 



wherein Ri, R2 and k are the same as defined in the general formula (1), and X represents O or 

10 

?1 ?2 
CH 2 =C-C-S-R 5 -S-C-C=CH 2 (3) 

0 0 

15 

wherein Ri and R2 are the same as defined in the general formula (1), and Rs represents a phenylene group, a 
xyiylene group, a nucleus-substituted phenylene group or- a nucleus-substituted xylylene group. 

Specific examples of such monomer [I] Include the following compounds. (R In the following formulae 
represents H or CH3.) 
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R 

CH 2 =C-C-SCH 2 CH 2 0-C-CH=CH 2 
O O 

5 

S-2-acryloyloxyethylthio (meth) aery late , 

10 R CH 3 

CH 2 =C-C-SCH 2 CH 2 0-C-C=CH 2 
0 6 

15 

S-2-methacryloyloxyethylthio (meth) acrylate , 

R R 
20 CH 2 =C-C-SCH 2 CH 2 S-C-C=CH 2 

o o 

25 1,2-bis t (meth) acryloylthio] ethane , 

R R 
30 CH o =C-C-SCH o CH-S-C-C=CH 0 
O CH 3 O 

1. 2- bis [ (meth)acryloylthio]propane, 

R R 
CH o =C-C-SCH o CH 0 CH 9 S-C-C=CH 9 

40 0 0 

1.3- bis [ (meth)acryloylthiolpropane, 
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R R 

ch 2 =c-c-sch 2 ch 2 ch 2 ch 2 s-<:-<:=ch 2 

O 0 



1,4-bis [ (meth)acryloylthio]butane, 



R R 
CH 2 =C-C-SCH 2 CH 2 OCH 2 CH 2 S-C-C=CH 2 
0 0 



bis-2- [ (meth) acryloylthioethyl] ether , 



R R 
CH 2 =C-C-SCH 2 CH 2 SCH 2 CH 2 S-C-C=CH 2 



bis-2-[ (meth)acryloylthioethyl]sulfide, 



CH 2 =c-c-scH 2 CH 2 ocH 2 cx:H 2 ce 2 s-c-c=CH 2 



bis-2- [ (meth) acryloylthioethoxyJraethane , 



R R 
CH 2 =C-C-SCH 2 CH 2 SCH 2 SCH 2 CH 2 S-C«-C=CH 2 



bis-2- [ (meth) acryloylthioethylthio ] methane , 

R R 
CH 2 =C-C-S4CH 2 CH 2 Of5CH 2 CH 2 S-C-C=CH 2 
O 0 



1 ,2-b is- [2- (meth) acryloylthioethoxy] ethane, 

R R 
CH 2 =C-C-S4CH 2 CH 2 S^2CH 2 CH 2 S-C-C=CH 2 
0 0 



1 , 2-bis-I2-(raeth)acryloylthioethylthio]ethane 
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CH 2 =C-C-S4CH 2 CH 2 O^CH 2 CH 2 S-C-C=CH 2 

6 " o 

bis- [ 2-(2- (raeth) acryloylthioethoxy ) ethyl ] ether , 

R R 
CH 2 =C-C-S4CH 2 CH 2 S-^CH 2 CH 2 S-C-C=CH 2 

o ~ o 
bis- [2- (2- (meth)acryloylthioethylthio) ethyl] sulfide , 
R R 



CH 2 =C-C-S-<^0)-S-C-C=CH : 



J 2 

0 O 
25 l,4-bis[(meth)acryloylthio]beazerie, and 
R R 



CH 2 =C-C-SCH 2 -/oy<^H 2 S-C-C=CH 3 

1,4-bis [ (methJacryloylthioraethyllbenzene. 



A resin having a high refractive index according to the present invention may be a polymer obtained by 
radically polymerizing one or more kinds of the poiymerizable monomer [I] alone, but it may be a copolymer 
obtained by radically polymerizing optionally at least one other poiymerizable monomer [II] in addition to the 
monomer (I). 

As the other poiymerizable monomer [II) which may be used in the present invention, the monomer is not 
particularly limited insofar as it is radically poiymerizable with the poiymerizable monomer [I]. For example, 
there may be illustrated monofunctional monomers and polyfunctional monomers not coming under the 
poiymerizable monomer [l] t poiymerizable high molecular weight substances that are generally called 
oligomers, etc., but It is preferable that homopolymers of such monomers or oligomers have refractive indices 
of at least 1.48. 

Specific examples of the poiymerizable monomer [II] include the following compounds. 

Monofunctional acrylic acid esters and methacrylic acid esters such as methyl methacrylate, butyl 
methacrylate, cyclohexyl methacrylate, 4-t-butylcyclohexylmethacrylate, 2,3-dibromopropyl methacrylate, 
phenyl acrylate, phenyl methacrylate, benzyl acrylate, benzyl methacrylate, chlorophenyl acrylate, chlorophe- 
nyl methacrylate, bromophenyl acrylate, bromophenyl methacrylate, trichlorophenyl acrylate, trichlorophenyl 
methacrylate, tribromophenyl acrylate, tribromophenyl methacrylate, 2-methacryloyloxymethyl thiophene, 
3-methacryloyloxymethyl thiophene, 2-(2-methacryioyloxyethyl)thiophene, bromo2-methacryloyloxymethyl 
thiophene, dibromo-2-methacryloyloxymethyl thiophene, tribromo-2-methacryIoyloxymethyl thiophene, 2-(tri- 
cyclo[52.1.02.6]-3-decenyloxy)ethyl methacrylate, 2-(tricyclo[5.2.1.02.6]-3-decenytthio)ethyl methacrylate, 
2-(tricycio[5^.1.02.6j^ t 4-<iichlorodecyl-thio)ethyl methacrylate and 2-(tricyclo[55.1.02.6]-3,4-dibromode- 
cylthiojethyl methacrylate; polyfunctional acrylic acid esters and methacrylic acid esters such as ethylene 
glycol dimethacrylate, propylene glycol dlmethacrylate, trimethylene glycol dimethacrylate, tetramethylene 
glycol dimethacrylate, hexamethylene glycol dimethacrylate, diethylene glycol dimethacrylate, Methylene 
glycol dimethacrylate, tetraethylene glycol dimethacrylate, trimethylolpropane triacrylate, trimethylolpropane 
trimethacrylate, 2,2-bls-(4-acryloxy-phenyl)propane, 2^-bis-(4-methacryloyloxyphenyl)propane. 2,2-bls- 
(4-methacryloyioxyphenyl)propane, 2 t 2-bis-(4-methacryloyloxyethoxyphenyl)propane, bis-(4-methacryloylox- 
yethoxyphenyl)sulfone, 2^4>is-(3.5-dibromo^-methacryIoyIoxyethoxyphenyl)propane, 2,5-blsmethacryloy- 
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toxymethytthiophene and 2,5^ismethacryloyloxymethyl-3,4- dibromothlophene; 2rhalogenoacrylic acid esters 
such as methyl-2-chIoroacrylate, methyi-2-bromoacrylate, cyc!ohexyl-2-chloroacrylate, cyclohexyi-2-bro- 
moacrylate, 2-(tricyclo [5.2.1 .0^6]-3^eceny»oxy)ethyl-»2-ch!oroacry)ate. 2-(trlcycJo[&2.1 .02.6)-3-dece- 
nylthio)ethyl-2-chloroacrylate and 2-(tricyclo[5.2.1.023]^,4^ibromodecylM^ thioac- 
rylic acid esters and thiomethacrylic acid esters such as methyl thioacrylate, methyl thiomethacryiate, butyl 5 
thloacrylate, butyl thiomethacryiate, phenyl thioacrylate, phenyl thiomethacryiate, benzyl thioacrylate anp* 
benzyl thiomethacryiate; unsaturated nitriies such as acrylonitrlle and methacryionjtrile; allyl esters, aJlyl. 
carbonate and allyl ethers such as allyl benzoate, diallyt phthalate, dlethytene glycol blsallyl carbonate, 
2,2-bis-(4-allyloxycarbonyloxyethoxy-3,5-dibromophenyl)propane and 2 f 2-bls-{4-aJlyloxy-3,5-dlbromophe- 
nyl)propane; vinyl aromatic groups such as styrene, chlorostyrene, bromostyrene, dichiorostyrene, 10. 
dibromostyrene, methyl styrene and divfnyl benzene; and reactive oligomers such as epoxy acrylate, epoxy 
methacrylate, polyester acrylte, polyester methacryJate, polyurethane acrylate and pofyurethane methacrylate. 

In the present invention, the poiymerizable monomer [I] Imparts a high refractive index and a cross-linked 
structure to a polymer. Hence, it is of use to give a resin having a high refractive index, being exceilent in heat 
resistance, unlikely to be fused or blocked upon being subjected to processing such as cutting and spherical 15 
grinding and not adhering to processing tools. In order to have such characteristics sufficiently develop, it is 
preferable to use the poiymerizable monomer [I] In an amont of at least 50/o by weight, especially at least 10% 
by weight based on the entire material monomer(s). When the monomer [I] Is used In an amount of less than 
5Vo by weight, the contribution of the monomer [I] to elevation of the refractive Index becomes small, the 
cross-iinking density becomes small and the effect of advancing the heat resistance, cutting processabilHy 20 
and spherical grinding processability by the monomer [I] becomes small. 

The kind and amount of the poiymerizable monomer [II] optionally used in the present Invention are property 
selected by taking into consideration the refractive Index of a resin having a high refractive Index to be 
obtained. To obtain a resin having a high refractive Index and being excellent In colorless transparency, It is 
suitable that the amount of said monomer [II] is less than 95<Vb by weight, especially less than 9(W/b by weight 25 
based on the entire material monomerfs). 

The resin having a high refractive index according to the present Invention Is produced by radically 
polymerizing the material monomer containing the poiymerizable monomer [I] as an indispensable component 
and optionally containing the poiymerizable monomer [II]. 

The method of radical polymerization is not particularly limited and convetnional and known methods may be 30 
adopted. As specific examples of said method, for example, the following methods may be Illustrated. 

(1) A method of heat polymerizing the material monomer In the presence of a radical polymerization 
initiator. 

(2) A method of ultraviolet ray polymerization of the material monomer In the presence of a 
photosensitizes 35 

(3) A method of electron beam polymerization of the material monomer. 

The method of (1) is a most general method, in which an apparatus Is simple and a radical polymerization 
initiator is relatively cheap. 

When the method of (2) is adopted, a curing speed is fast and it is possible to shorten the polymerization 
time. 40 

The method of (3) enables the material monomer to be polymerized In the absence of a radical 
polymerization initiator or a photosensitizes Therefore, according to this method, it Is possible to prevent 
impurities from mixing in a resin having a high refractive Index to some extent. 

In the case of carrying out the polymerization according to the method (1), the actual methods of 
polymerization are not particularly limited, but conventional and known methods may be adopted, for example, 45 
bulk polymerization (especially casting polymerization), solution polymerization, suspension, polymerization 
and emulsion polymerization may be illustrated. Of these modes, casting polymerization is capable of shaping 
a polymer formed by polymerization in a rnoid into a desired shape. Hence, it Is particularly preferable, ft te 
possible to adopt a method of, for. example, casting the material monomer added with a radical polymerization 
initiator into a glass mold and gradually elevating the temperature from around 30 to 60°C to a higher 50 
temperature, thereby polymerizing the material monomer. And by properly selecting the kind and using 
amount of the polymerization Initiator, ft is possible to shape the obtained polymer Into a resin having a high 
refractive index by a reaction injection method (RIM) also. When a method* other than the casting 
polymerization is adopted within the framework of bulk polymerization, however, a step of shaping the 
obtained polymer Into a desired shape is required. 55 

As a radical polymerization Initiator which may be used upon carrying out a polymerization, there may be 
illustrated, for example, a peroxide such as benzoyl peroxide, acetyl peroxide, dM-butyl peroxide, dilsopropyl 
peroxy dicarbonate and t-butyt peroxy-2-ethylhexanoate and azo compounds such as 2,2'-azobislsobutyronl- 
trile, 2^ , -azobi3(2 l 4-dimethyrvaleronitrile) and 1 ,1 '-azobls(cyclohexane-1 -carbonftrile). These Initiators may be 
used singly or In combination in an amount of usually 0.01 to 10Qfo by weight, preferably 0.05 to 5Vo by weight 60 
based on the material monomer and in combination with a promoter as required. 

Since the polymerization conditions are influenced by the kind and composition of the material monomer 
and the kind of the polymerization initiator, they may not be limited without reserve, however, generally, 
polymerization conditions of initiating a polymerization at a relatively low temperature, slowly elevating the 
temperature and carrying out a post-polymerization at a high temperature upon completion of the 65 
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polymerization to cure the obtained polymer are suitable. 

And since a polymerization time differs in accordance with various conditions, it is suitable to decide the 
optimum polymerization time in accordance with these various conditions in advance, but generally it is 
preferable to select these conditions so that the polymerization may be completed within 2 to 40 hours. 
5 In the methods of (2) and (3). it is usually suitable to adopt casting polymerization, however, in the method of 
(2), the use of a photosensitizer is required. For example, in the method of (2), by irradiating ultraviolet rays to 
the material monomer blended with a photosensitizer, and in the method of (3), by Irradiating an electron beam 
to the material monomer per se, it Is possible to easily obtain a resin having a high refractive index, 
respectively. 

10 As a photosensitizer which may be used in the method of (2), there may be illustrated, for example, benzoin, 
benzoin methyl ether, benzoin ethyl ether, benzoin ispropyl ether, benzoin butyl ether, 2-hydroxy-2-benzoyi 
propane, benzyl dimethyl ketal, azobisisobutyronitrile and thioxanthone. They may be used singly or in 
combination in an amount of usually 0.01 to 1 Wo by weight, preferably 0.05 to 8% by weight based on the 
materia) monomer. 

15 In the present invention, which of the polymerization methods (1 ) to (3) should be adopted may be properly 
selected in accordance with the desired performance of a resin having a high refractive index, and as required 
a plurality of these methods may be combined. 

A resin having a high refractive index produced by the process of the present invention may properly contain 
known additives, for example, a ultraviolet absorber, an antioxidant, a drip inhibitor and a coloring agent 
20 A resin having a high refractive Index produced by the process of the present invention may be obtained by 
the use of the polymerizable monomer [I] as an indispensable component, therefore, it has a high refractive 
index, in addition, it is excellent in colorless transparency, heat resistance and cutting processability. 

Accordingly, it may be used as a resin for optical materials, for example, as members of lenses, prisms, 
optical waveguides, optical disks and films. Besides, by blending a pigment and fillers with said resin, the 
25 blends may be used as shaped articles for decoration and building materials as well. 

Mereinbelow, the present invention will be specifically explained by way of examples. 

For information, methods of evaluating the physical properties in each example are as follows. 

[Colorless transparency] 

30 The degree of coloration of a 1.5 mm-thick sheet-like polymer obtained by casting polymerization was 
adjudicated by visual observation with the naked eyes. 

[Refractive index and Abbe number] 
A small piece of a 1.5 mm-thick sheet-like polymer obtained by casting polymerization was measured of a 
35 refractive index using an Abbe's refractometer, and Abbe number was sought from a dispersion table. 

[Entire light transmission] 

A 1.5 mm-thick sheet-like polymer obtained by casting polymerization was measured of the transmission 
using a hazemeter. 

40 

[Cutting processability] 

A 1.5 mm-thick sheet-like polymer obtained by casting polymerization was cut with a diamond cutter, and 
crack, fissure and fusion, if any, of a cut surface arising as a result were observed. A polymer whose cut 
surface was entirely free from crack, fissure and fusion was indicated as a mark O. 

45 

[Heat resistance] 

A 1.5 mm-thick sheet-like polymer obtained by casting polymerization was placed in a hot air dryer at 100°C 
for 3 hours and deformation of the polymer such as warping, if any was observed. The polymer sheet of which 
no deformation was observed at all was indicated by a mark O . 

50 

[Pencil hardness] 
It was measured in accordance with JIS K5400. 

[Impact resistance (of a tens)] 
55 It was evaluated In accordance with ASTM F659. Namely, onto a lens having a center thickness of 2.0 mm, a 
steel ball having a weight of 16.2 g was dropped from the height of 127 cm, and the lens that was not broken 
was indicated by a mark O. 

[Impact resistance (of a disk)] 
60 Onto a disk having a thickness of 1 .5 mm, a steel ball having a weight of 1 6.2 g was dropped from the height 
of 1 00 cm, and a disk that was not broken was indicated by a mark O , a disk taht was fissured by a mark A, and 
a disk that was broken by a mark X. 
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[Dyeabllrtyl 

In hot water (at more than 85° C) dissolving a dispersed dye (dispersed brown), a lens was immersed for 10 
minutes and the dyed state of the tens was Observed, and a tens that could be dyed without a color shade was 
indicated by a mark O. 

5 

[Appearance] 

The hue, transparency and optical surface state were visually observed with the naked eyes, and the 
polymer sheet which was colorless, transparent and good in surface state was indicated as 'good*. 

[Hygroscopicity] 10 
Water absorption was measured in accordance with JIS K7209 and indicated by the value obtained. 

[Warping] 

The center of a disk was supported by a support having a diameter of 30 mm, the disk was retained at 60° C 
for 5 hours and the warping of the disk at that time was measured. is 
The meanings of the abbreviations used In the following Tables 1 to 5 are as follows. 
AN : acrylonltrile 

ADC : diethylene glycol bisailyl carbonate 
AIBN : 2,2 , -azobis(Isobutyronltrile) 

BMTE : 1,2-(bismethacryloyrthio)ethane 20 
BMTEE : bis(2-methacryloylothioethyl)ether 
BMTES : bls(2-methacrytoyithloethyl)surfide 
BMTEEE : 1^-bls(2-methacryloylthioethoxy) ethane 
BMTEM : bis(2-methacryloylthioethoxyjmethane 

BMTMB : 1,4-bls(methacryloylthiomethyl)ben2ene 25 
BzMA : benzyl methacrylate 

B^BMEPP : 2.2-bis(3,5-dibromo-4-methacryioyloxyethoxyphenyl)propane 
CISt : p-chlorostyrene 

DTEMA : 2-(tricycIo[5.2.1.02,e]^-decenyIthlo)ethyl methacrylate 

HMPBT : 2-{2-hydroxy-5-methylphenyl)benzotriazole 30 
IPP : diisopropylperoxy dicarbonate 
MAN : methacrylonitriie 
MM A : methyl methacrylate 
MTMA : S-methyl thlomethacrylate 

MMP : 4-methacryloyloxy*2,2,6,6-tetramethyl piperidine 35 
MCA : methyl-2-chloroacryIate 
St : styrene 

SBzTMA : S-benzyl thiomethacrylate 
TBPMA : 2,4,6-tribromophenyl methacryiate 

TeEDMA : tetraethylene glycol dimethacrylate 40 
TMMA : 2-methacryloyloxymethy! thiophene 
V-65 : 2^ , -azobis(2,4-dimethyrvaleronitile) 
V-40 : l.l'-azobisicyclohexane-l-carbonitrlle) 

Example 1 45 

A mixture of 100 parts by weight of l^-bis-(methacryloyithio) ethane and 0.5 part by weight of 
2,2^azobis(2,4-dimethyrvaleronitriIe) was cast into a mold consisting of 2 glass plates and a silicone rubber 
gasket, and heated at 50°C for 6 hours, at 60° C for 16 hours and at 90°C for 2 hours to polymerize the 
monomelic mixture. The obtained resin having a high refractive Index [1] was colorless and transparent. The 
various physical properties of this resin are shown In Table 1. 50 

Example 2 

A mixture of 70 parts by weight of 1 ,2-bis(methacryloyrthio)ethane, 20 parst by weight of styrene, 10 parts by 
weight of benzyl methacrylate, 0.2 part by weight of 2-(2-hydroxy-5-methylphenyl)benzotrfazole and 0.5 part by 
weight of 2^ / -azobis(2,4-dimethylvalBronrtrile) was cast into a mold consisting of 2 glass plates and a silicone 55 
rubber gasket, and was heated at 50° C for 6 hours, at 60° C for 16 hours and further at 90° C for 2 hours to 
polymerize the monomelic mixture. The obtained resin having a high refractive index [2] was colorless and 
transparent. The various physical properties of this resin are shown In Table 1. 

Examples 3 to 7 60 

Example 2 was repeated except that the composition of the material monomer was changed as shown In 
Table 1 to obtain resins having high refractive Indices [3] to [7J. The various physical properties of these resins 
[3J to [71 are also shown In Table 1. 
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Comparative Example 1 

A mixture of 100 parts by weight of bisethylene glycol diallyl carbonate and 25 parts by weight of diisopropyl 
peroxy dlcarbonate was cast Into a mold consisting of 2 glass plates and a silicone rubber gasket, and was 
heated at 40°C for 1 hour, at 45°C for 1 hour, at 50°C for 1 hour, at 60°C for 16 hours, at 90°C for 2 hours, and 
5 further at 110°C for 2 hours to polymerize the mixture. The obtained resin for comparison [1] was colorless 
and transparent. The various physical properties of the resin for comparison (1) are also shown in Table 1. 

Comparative Example 2 

A mixture of 100 parts by weight of methyl methacrylate and 0.5 part by weight of 2,2-azobis(2,4~dimethyl- 
10 valeronitrile) was cast into a mold consisting of 2 glass plates and a silicone rubber gasket, and was heated at 
50° C for 6 hours, at 60° C for 1 6 hours, and further at 90° C for 2 hours to polymerize the mixture. The obtained 
resin for comparison [2] was colorless and transparent. The various physical properties of this resin for 
comparison [2] are also shown in Table 1. 
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Example 8 

A mixture of 50 parts by weight of bls(2-methacryloyithioethyl)sulf1de l 40 parts by weight of styrene, 10 parts 
by weight of acrylonttile, 0.1 part by weight of 2-(2-hydroxy-5-methytphenyl)benzotriazole, 0.1 part by weight of 
4-methacrytoyloxy-2 t 2,6 t 6-tetramethyI plperidine arid 0.5 part by weight of 2,2'« : a2obis(2 1 4-dImethytvaJeroni- 
trile) was cast into a mold consisting of 2 glass plates and a silicone rubber gasket, and was heated at 50° C 5 
for 6 hours, at 60°C for 16 hours and further at 110°C for 2 hours to polymerize the monbmeric mixture. The 
obtained resin having a high refractive index [8] was colorless and transparent. The various physical properties 
of this resin having a high refractive index are shown In Table 2. 

Examples 9 to 15 10 

Example 8 was repeated except that the composition of the material monomer was changed as. shown in 
Table 2 to obtain resins having high refractive indices [9] to [15]. The various physical properties of these 
resins [9] to [15] are also shown In Table 2. 
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Example 16 

A mixture of 40 parts by weight of bis(2-mBthiacryloytthIoethoxy) methane, 40 parts by weight of styrene, 20 
parts by weight of benzyl riiethacrytate, 0.2 jSart by weight of 2-(24wdroxy^methytphenyl)benzotriazoIe t 0.2 
part by weight of 2,2 , -azobls(2 f 4-dimethytvaJer0hitrt!e) and 0.1 i>art by weight of 1 t 1'-azobis(cyclohexdne- 
1-carbonitrile) was cast into a mold consisting of 2 glass plates and a silicone rubber gasket, and was heated 5 
at 50°C for 6 hours, at 60°C for 16 hours, and further at 110°C tor 2 hours to polymerize the monomertc 
mixture. 

The obtained resin having a high refractive index [16] was colorless and transparent. The various physical 
properties of this resin [16] are shown In Table 3. 

JO 

Examples 17 to 18 

Example 16 was repeated except that the composition of the material monomer was changed as shown" in 
Table 3 to obtain resins having high refractive indices [17] and [18]. The various physical properties of these 
resins [17] and [18] having high refractive indices are also shown In Table 3. 

15 

Example 19 

A mixture of 50 parts by weight of bis(2-methacryloylthloethyl)sulfide, 40 parts by weight of styrene, 10 parts 
by weight of acrylonitrile and 2.0 parts by weight of benzoin isopropylether was cast Into a mold consisting of 2 
glass plates and a silicone rubber gasket, to both surfaces of the content, ultraviolet rays were irradiated from 
a distance of 10 cm for total 1 20 seconds, respectively using a 3 KW high-pressure mercury lamp having a lamp 20 
output of 80 W/cm and then the content was heated at 1 10° C for 2 hours to be polymerized. The obtained resin 
having a high refractive index [19] was colorless and transparent: The various physical properties of this resin 
[19) are also shown in Table 3. ; % 
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Example 20 

A material monomer consisting of 55 parts by weight of bis (2-methacryloylthioethyl) sulfide, 30 parts by 
weight of styrene, 15 parts by weight of acrylonitile, 0.1 part by weight of 2-(24iydroxy-5-methylphenyl)benzo- 
triazoie and 0.1 part by weight of 4-methacryloy1oxy-2,2,6 l 6-tetrBmethyl piperidine was added with 0.1 part by 
weight of 2,2 / -azobis(2,4-dimethy!valeronitrile) and 0.1 part by weight of 1.V-azobis(cyclohexane-1-carbohi- 5 
trile), and the resulting mixture was cast Into a space produced by a glass mold having an internal diameter of 
75 mm so designed as to give a lens having a diopter of -3.00 D and an ethylene/vinyl acetate copolymer gasket 
so designed as to make the center thickness 2.0 mm. 

The content of the space was retained in a constant temperature vessel at 60° C for 6 hours, then the gasket 
was removed and the temperature was gradually elevated at 1 10° C over 8 hours, and further retained at 1 10° C 10 
for 2 hours to thereby effect a casting polymerization. Then, the glass mold was released from the resulting 
polymer to thereby give a lens [1 ] having a diameter of 75 mm and a diopter of -3.00 D. The optical surface state 
of the obtained lens [1 J was good and its various physical properties as a lens were excellent as shown in Table 
4. 



Examples 21 to 24 

Example 20 was repeated except that the composition of the mixture consisting of the materiaJ monomer 
and the polymerization initiators were changed as shown in Table 4 to give lenses [2] to [5). The various 
physical properties of these as lenses were excellent as shown In Table 4. 
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Table 4 (continued) 
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Example 25 

A material monomer consisting of 50 parts by weight of bls(2-methacryloytthloethyl)sulflde t 40 parts by 
weight of styrene, 10 parts by weight of acrylonltlle, 0.1 part by weight of 2-(2-hydroxy-6-methylphenyl)benzo- 
triazole and 0.1 part by weight of 4-methacryloyloxy-2 t 2 f 6,6-tetramethyl plperidlne was added with 0.5 part by & 
weight of 2 r 2'-azobis(2,4-dlmetrtylyaleronltrlle), and the resulting mixture was cast Into a mold consisting of 2 
glass plates and a silicone rubber gasket and was heated at 50° C for 6 hours, at 60° C for 16 hours, and further 
at 1 10° C for 2 hours to thereby effect a casting polymerization. Then, the polymerization product was removed 
from the mold to thereby give a disk substrate [1] having a thickness of 1.5 mm and a diameter of 30 cm. The 
obtained disk substrate [1] was colorless and transparent and Its various physical properties required as a qq 
disk substrate such as warping, hygroscopiclty and Impact resistance were excellent as shown In Table 5. 

Examples 26 and 27 and Comparative Examples 3 and 4 

Example 25 was repeated except that the composition of the mixture consisting of the material monomer 
and additives was changed as shown in Table 5 to give disk substrates [2] and [3] as well as disk substances « 
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[1] and [2] for comparison. The various physical properties of these as disk substrates are shown In Table 5. As 
will be seen from said table, the disk substrates composed of the resins having high refractive indices of the 
present invention were excellent In contrast, the disk substrates for comparison were inferior in each physical 
properties of hardness, heat resistance, impact resistance, hygroscopicity and warping. 
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Table 5 (continued) 
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Claims 



1 . A process for producing a resin having a high refractive Index which comprises radically polymerizing 
a material monomer, characterized in that said material monomer comprises [I] at least one polyf unctional 
thloacrylate or polyfunction^! thiomethacrylate, and optionally [II] at least one other polymerizabie 
monomer which is radically polymerizabie with said polymerizabie monomer [I]. 

2. A process according to claim 1 , wherein said polymerizabie monomer [I] is of the general formula (1 ) 



?i 



?3 



CH^=C-C-S-HCH24y-CH-(>H<CH 



'2"m 



?4 i 

■CH-S - 



*2 



-C-C= 

It 

o 



=CH. 



(1) 



wherein Ri and R2 represent H or CHa, R3 and R4 independently represent H, CH3 or OH, k and m 
independently represent an integer of 1 to 5, and t and n independently represent 0 or an integer of 1 to 4. 
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the general formula (2) 

CH 2 =C-C-S-CH 2 CH^X^H 2 4-j^X-CH 2 CH 2 S--C-C=CH 2 (2) 
0 0 



wherein. Ri , R2 and k are as defined In the general formula (1). and X represents O or S, 

or the general formula 1Q 

R l ^2 
CH 0 =C~C-S-R c; -S-C-C=CH 9 (3) 

^ n 3 n * 

O 0 



15 



wherein R1 and R2 are as defined In the general formula (1), and Rs represents a phenytene group, a 
xylylene group, a nucleus-substituted phenylene group or a nucleus-substituted xylylene group. 

3. A process according to claim 1 or 2, wherein the content of said polymerizable monomer [l] is at least 20 
5<Vo by weight based on said material monomer. 

4. A process according to claim 3, wherein the content of said polymerizable monomer [I] is at least 
100/0 by weight based on said material monomer. 

5. A process according to any one of claims 1 to 4, wherein there Is used as said polymerizable 
monomer [II], a monomer whose homopolymer has a refractive index of at least 1 .48. 25 

6. A process according to claim 5, wherein said polymerizable monomer [II] Is an unsaturated nitrite 
compound. 

7. A process according to claim 6, wherein said unsaturated nitrite compound is acrylonitrile and/or 
methacrylonftrile. 

8. A process according to any one of the preceding claims wherein said material monomer is heat 30 
polymerized In the presence of a radical polymerization initiator. 

9. A process according to claim 8, wherein said radical polymerization Initiator is used in an amount of 
0.01 to 100/0 by weight based on said material monomer. 

10. A process according to claim 9, wherein said radical polymerization initiator is used in an amount of 

0.05 to 5% by weight based on said material monomer. 35 

1 1 . A resin having a high refractive index obtainable by a process as claimed in any one of the preceding 
claims. 

1 2. A resin according to claim 1 1 which has a refractive index of at least 1 .55. 

13. An optical materia) prepared from a resin as claimed in claim 11 or 12. 

14. An optical material according to claim 13 in the of a lens. 40 
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